 1  4 
unaffected by the DDD fusion, leading to the lack of a growth phenotype. We therefore 1 3 9 utilized alternative methods to reduce PfHsp70x protein levels in the parasite. for the parental strain and it was absent in the integrant parasites. (C) PfHsp70x-DDD 1 5 3 parasites were incubated without TMP, and Schizont stage parasites were purified on a 1 5 4 percoll gradient. Host cell lysates together with exported proteins were isolated using 1 5 5 0.04% cold saponin and were then collected from the supernatant (S). Parasites cells 1 5 6 with all non-exported proteins were collected from the pellet (P). Using western blot 1 5 7 analysis, the two fractions were analyzed and probed for PfHsp70x expression and (loading control, bottom). The protein marker sizes that co-migrated with the probed 1 6 0 protein are shown on the left. PfHsp70x-DDD parasites stained with antibodies against HA (green) and DAPI (blue). Scale bar, 5µm. this system, the glmS ribozyme sequence is inserted into the 3' end of the genomic 1 7 3 locus of a gene and is transcribed with the gene as one mRNA. Addition of the small 1 7 4 9 molecule glucosamine (GlcN) activates the glmS ribozyme, which cleaves itself from the 1 7 5 mRNA, disconnecting the transcript form its polyA tail and leading to its degradation 1 7 6 ( Fig. 3A) . Using CRISPR/Cas9 genome engineering, we appended a triple HA tag to 1 7 7 the C-terminus of PfHsp70x followed by the glmS ribozyme ( Fig. 3A) [30] . A second cell 1 7 8 line was generated in which the pfhsp70x locus was tagged with a mutant version of the glmS is exported to the host cytoplasm, where it is found, as before, in punctate 3' UTR of the pfhsp70x locus. The repair plasmid provides homology regions for double-1 9 2 crossover homologous recombination, introducing a 3xHA tag and the ribozyme 1 9 3 sequence. Following translation and addition of GlcN, the PfHsp70x-glmS mRNA is integration at the PfHsp70x locus. DNA was purified from transfected, cloned parasites and primers were used to amplify the region between the C-terminus and 3'UTR of We tested the effect of reducing PfHsp70x expression on intraerythrocytic growth. To absence of GlcN. Indeed, we found that in the absence of GlcN, growth of both the 2 0 8 glmS and M9 cell lines was comparable to 3D7 ( Fig. 4A) . Next, PfHsp70x-glmS and 2 0 9
PfHsp70x-M9 were cultured with GlcN and parasitemia was measured via flow 2 1 0 cytometry. The growth of PfHsp70x-glmS and PfHsp70x-M9 was unaffected by 2 1 1 treatment with 5 mM and 10 mM GlcN (Fig. 4B, C) . To confirm that PfHsp70x protein 2 1 2 level is reduced in response to GlcN, schizont-stage parasites from the glmS and M9 2 1 3 cell lines were Percoll-purified and whole parasite lysates were used for Western 2 1 4 blotting. Using anti-HA antibody we found that treatment with GlcN reduced protein 2 1 5 levels in PfHsp70x-glmS but did not affect protein levels in PfHsp70x-M9 ( Fig. 4D) .
1 6
Together, these data show that we can efficiently reduce PfHsp70x levels using the 2 1 7 glmS ribozyme but this has no affect on the asexual growth of the parasite within the 2 1 8 RBC. PfHsp70x via complete genomic knockout (termed PfHsp70x-KO). To this end, we 2 6 8 employed CRISPR/Cas9 to interrupt the PfHsp70x ORF by inserting a human 2 6 9 dihydrofolate reductase (hdhfr) drug resistance cassette (Fig. 6A) . Following and independent clones showed that the hdhfr cassette was inserted into the pfhsp70x 2 7 3 gene via homology directed repair ( Fig. 6B) . To verify that the null mutants do not Western blotting. Probing with anti-PfHsp70x shows that the knockout clones do not 2 7 7 express PfHsp70x (Fig. 6C) . Finally, intraerythrocytic growth of the PfHsp70x-KO 2 7 8 clones was monitored over two replication cycles. In agreement with the lack of any 2 7 9 growth phenotype in the conditional knockdown parasite lines, the PfHsp70x-KO 2 8 0 parasites displayed wild-type level of proliferation in erythrocytes (Fig. 6D) . The normal 2 8 1 growth in the complete absence of PfHsp70x expression conclusively demonstrates that 2 8 2 PfHsp70x activity is not essential for the asexual growth of the parasite within the RBC 2 8 3 in culture. Schizont-stage parasites were Percoll-purified, and whole cell lysate was used for 2 9 5 analysis. Membrane was probed with antibodies raised against PfHsp70x, and against despite the complete absence of PfHsp70x ( Fig. 7A-C) . These data support the results parasite's ability to export virulence-associated proteins to the host cell. Even though PfHsp70x is the only parasite-encoded Hsp70 that is exported to the RBC, our results demonstrate that it is not required for intraerythrocytic growth. However,
PfHsp70x is not the only Hsp70 found in infected RBCs. Human Hsp70 is present in the to the host and is dispensible for asexual growth within human RBCs. Plasmid construction. Genomic DNA was isolated from P. falciparum using the 3 3 6
QIAamp DNA blood kit (QIAGEN). Constructs utilized in this study were confirmed by 3 3 7 sequencing. PCR products were inserted into the respective plasmids using the In-3 3 8
Fusion cloning system (Clonetech) or using the sequence and ligation independent 3 3 9 cloning method. Briefly, insert and cut vector were mixed with a T4 DNA polymerase 3 4 0 and incubated for 2.5 minutes at room temperature, followed by 10 minutes incubation For the generation of the glmS conditional mutants three plasmids were used; 1) pUF1- Lopez-Rubio, [30]) was digested with NotI and NcoI (New England Biolabs) and the 3 5 4 fragment that contained the U6 RNA expression cassette was blunted and re-ligated to Southern blot was performed as described earlier [41] . The probe was labeled using 4 5 1 biotinylated Biotin-16-dUTP (Sigma). The biotinylated probe was detected on blots 4 5 2 using IRDye 800CW dye conjugated to Streptavidin (LICOR Biosciences) and was 4 5 3 imaged, processed and analyzed using the Odyssey infrared imaging system software 4 5 4 (LICOR Biosciences). Western blotting. Western blots were performed as described previously [27] . Briefly, 4 5 7 late-stage parasites were isolated on a percoll gradient (Genesee Scientific). For HA was detected using rat anti-HA antibody (clone 3F10, Roche, 1:100). MAHRP1 was 4 7 5 detected using rabbit anti-MAHRP1 (from H-P Beck, 1:500). PfFIKK4.2 and KAHRP 4 7 6
were detected using mouse anti-PfFIKK4. 2 (1:1000) Infection. Science. 2004; 306: 1934 -1937 . 9. Russo I, Babbitt S, Muralidharan V, Butler T, Oksman A, Goldberg DE.
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